in Turkey, it is a major problem of pollution in water resources. Many contaminated elements were indicated in the Kızılırmak River Basin. For instance, Altınkaya and Derbent dams, which were built for energy, flood control, and irrigation purposes in the 1980s just south of the delta area, started to keep the alluviums brought by Kızılırmak, so the growth of the deltas stopped and even entered the process of shrinkage [5] . The downsizing of the delta has led to serious problems such as weakening of coastlines, damage to agricultural areas, and seawater filling the river bed. Using remote sensing and geographical information systems, it was observed that between 1987 and 2004, the Kızılırmak Delta landscape changed significantly due to non-natural causes. These can be summarized as the opening of drainage channels, the change of river bed, changes caused by dam construction, the expansion of settlements, and the increase of agricultural areas and the structures around them [6] .
In remote sensing, many water quality studies have been carried out by examining criteria such as turbidity, the amount of suspended matter, chlorophyll content, temperature, and amounts of organic and inorganic substances [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] .
The uses of hyperspectral images in water include flood detection and monitoring, detection of water quality, wetland mapping, measures of plant physiology and structure, and evapotranspiration. In studies using hyperspectral images, hyperspectral satellite images, or a plane-mounted sensor were used as data. Calibration data were provided by applying ground-based sampling of chlorophyll, suspended solids, turbidity, and water clarity. Then we made in situ measurements of the water. Models such as the analytical and numerical radiative transfer models were developed to determine water quality [24, 25] .
The radiant water temperature was also measured by using a remote sensor, and the kinematic water temperature was measured by inserting a thermometer under the water. Ground-truth measurements were collected with thermal overflight at the same time. Thermal and visible imaging pairs for evaluation are sampled directly within the GIS environment. The physical quality of the stream is determined by water temperature [26] .
In addition, evaluating water quality by remote sensing technology could be carried out by using different techniques. Models were created to assess water quality in these studies. The constructed model calculates water pollution by using data such as land use and fertilizer application rate [27] .
In this study, it was hoped that the usability of integration of satellite image and spectral data, which was obtained from the spectral library, for detecting water quality and monitoring the water sources. For this purpose, the usability of the spectral classification method together with ground spectral measurements has been tested on high-resolution satellite images. As spectral data, measurements of water samples previously taken from the İmranlı region were used. Therefore, it has not been to collect water samples for use in water quality classification to Hafik. The matched filtering (MF) classification method has been used in this study since the MF has been successful in studies conducted in the İmranlı region [28, 29] . In spectral classification, the ability to classify water quality by using spectral data in the database was tested without taking the water sample from the water surface. And then, for accuracy analysis, first and second quality water points were randomly selected according to the matched filtering result. The chemical oxygen demand (COD) values of the water samples taken from the water surface were measured at 10 points to evaluate the accuracy of the water quality classification.
Study Area
The Kızılırmak River is the longest potamic of Turkey, with a length of 1355 km. The Kızılırmak originates and ends within Turkey. Kızılırmak water is drinkable at the source of the river but it decreases in quality along the flow direction and is not even used in agricultural irrigation in the Hafik region. There is also Yeniköy Stream, which feeds the Kızılırmak in the study area. And the lakes located in the region were included in the study area (Fig. 1) . As mentioned above, due to the coexistence of the different qualities of water, Hafik Region was selected as the study area.
Experimental

Materials
In the scope of the study, high resolution satellite images from CHRIS Proba satellite image (CHRIS_ HA_150506_15A3_41) were obtained for free from the European Space Agency. CHRIS/PROBA offers single usability of recorded adjacent spectrum bands and provides high spatial resolution in the near infrared and visible spectral ranges [30] . CHRIS images are measured in 18 spectral bands in the range 415-1050 nm and have a spatial resolution of nearly 18 m (depending on viewing angle) and scanning (in mode 3) an area of about 15×15 km at a maximum of five angles [31] [32] [33] . In addition, ASD FieldSpec 4 Spectroradiometer measurement data were obtained from a previous study (İmranlı region) on water samples at a wavelength range between 350 and 2500 nanometres.
Methods
Image preprocessing steps are applied to satellite images. Radiometric and atmospheric correction of the images was performed using BeamVISAT software. The software was developed by Brockmann-Consult with support from ESA [34] . Then the geometric transformations of the images were made and the images are defined in the 37 th region in the UTM projection system. Quality analyses of water samples were made on the basis of the Water Pollution Control Regulation of the Ministry of Environment and Urbanization [35] .
Since the wavelength range of the spectroradiometer measurement data is between 350 and 2500 nanometers, Chris Proba cannot be directly classified into spectral classification with satellite image bands. This is why spectroradiometer data have been resampled (Fig. 2) to the 18 bands of Chris Proba (Table 1) .
Matched filtering, a spectral classification method, is applied to satellite images for water quality classification. In Matched Filtering, reference data is classified according to abundance ratio of endmember content of 1 st and 2 nd quality water samples. The MF also suppresses the information of the irrelevant reflections while maximizing the response of the reference endmembers [36] .
Results and Discussion
In previous studies [9, 10, 11, 20, 21, 23] , water quality researches were carried out based on terrestrial water sample measurements, band ratios, and models. But quality distribution on the water surface was not presented visually in those studies. In this study, the visualization of water quality via spectral classification was made in such a way that the spectral measurements of water samples were given chemical oxygen demand attribute data. Thus, quality classification can be made within the boundaries of the satellite image, not just the point-based but the entire water source.
Although some studies using remote sensing technology have used hyperspectral images, many studies have been done to visualize the spread of water quality [14, 18] . Some studies used turbidity, dissolved oxygen, suspended solids, electrical conductivity, pH, and depth in order to evaluate water quality [8, 15, 16, 19] . However, a spectral classification method was not used. In this study, in situ measurements and a spectral classification method were used in order to evaluate water quality, and different spectral classification 
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Average Wavelength (NM) methods were tested by the authors without changing the endmember used in the previous spectral mapping [27, 28] to the east of the study area. Thus, water quality change along the direction of water flow was made.
According to the MF results in spectral classification, 1 st and 2 nd water quality classes were classified and visualized. According to the results obtained, it is understood that the water quality of Kızılırmak River Table 2 . Water quality evaluation parameters: the first column is related to the points used for accuracy assessment randomly, the second column deals with the measurements of the chemical oxygen demand of the water samples in situ, the third column shows the result of MF on the accuracy assessment points, and the last column refers to the quality of the water according to the COD in the catalogue of Ministry of Environment and Urbanization.
and Yeniköy Stream is generally of second-class quality and in Büyük Lake and other ponds it is of first-class quality (Fig. 3) . Because spatial resolution of the CHRIS Proba image used in the study is 17 m, each pixel represents 289 m 2 of area. Therefore, the spectral classification result of water quality is limited due to mixed pixels. The use of images with higher spatial resolution in spectra classification increases the classification accuracy.
The algorithm for spectral classification of satellite imagery in the study is pixel-based classification, which represents the entire pixel. The most important reason for the close proximity of the pixels with two different water qualities, especially on the accumulated water surface, is that the water penetration of optical satellite images is limited and in the blue wavelength range. This is due to the presence of floating bodies of water surface, which gives the second-class quality result.
For accuracy assessment, COD was made according to the Water Pollution Control Regulation of the Ministry of the Environment and Urbanization (Table 2 ). COD and spectral classification results are compared. The overall accuracy of classification was calculated as 70%.
When the classification results are interpreted, it is understood that the quality analysis of water masses can be done by remote-sensing methods. It has been understood that the integration of hyperspectral remotesensing images and spectroradiometer data gives significant results in spectral classification.
Conclusions
The areas polluting the water source could be spotted using remote-sensing imagery along with its terrestrial measurement component. This study demonstrated the necessity of remote-sensing methods in detecting water quality. By using the spectral classification methods such as MF, a wide-range classification of water sources such as the Kızılırmak River could be made in a shorter time. Although the spectral resolution of CHRIS Proba satellite image is sufficient to detect water quality classes, the spatial resolution of the image is not sufficient to detect the quality variation in small areas. In this study, after the obtained MF classification result, 10 accuracy assessment points were selected randomly on the result to measure COD in situ at the points. In terms of increasing the number of random points, it could be possible to obtain higher overall accuracy.
The result will also form the basis for future studies and may be applied to other regions after water content analysis. It is possible to determine the water participation areas on the water supply which have a negative effect on water quality. The use of satellite images with higher spatial and spectral resolutions such as a hyperspectral airborne system could be able to assess water content as well as water quality change.
